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I point out the central error in the entertaining recent paper “Dr. Bertlmann’s Socks in the Quater-
nionic World of Ambidextral Reality” by Joy Christian, arXiv:1911.11578v6.
I. THE HEART OF THE MATTER
This paper is a sequel to my paper [6] which analyses a whole sequence of papers by Joy Christian, including the
publications [1], [2] [3]. Christian’s “oeuvre” was recently extended with a pedagogical paper [4], and it is useful to
similarly extend my own work.
Equations (24) and (25) of [4] talk of two sets of bivectors L(a, λ) with the scalar λ = +1 and λ = −1 but these
equations do not fix the relation between the two sets of bivectors. However that becomes fixed by equations (26)
and (27). We learn that L(a, λ) = λIa where I is the trivector or pseudo-scalar e1 ∧ e2 ∧ e3, the context is Geometric
Algebra, the main reference being the standard work Doran and Lasenby (2003) [5]. The symbols a and b stand for
ordinary real 3D vectors. I commutes with everything and I2 = −1. It follows that
L(a, λ)L(b, λ) = λ2I2ab = − ab
which does not depend on λ at all. In fact, from geometric algebra we know that
−ab = − a · b− I(a× b) = − a · b− L(a × b,+1).
So equation (25) is correct when λ = +1 but seems to be wrong when λ = −1.
Ah, but we now see where the handedness interpretation of λ could come in. Perhaps the author has both a
right-handed and a left-handed cross product. Introduce two cross-products, ×(λ) where λ = ±1, by the rules
a×(+1)b = a× b, a×(−1)b = b× a.
Now equation (25), corrected, makes sense and is consistent with what follows:
L(a, λ)L(b, λ) = − a · b− L(a ×(λ)b, λ).
Having restored consistency to the definitions we can now quickly check formulas (30) and (31), taking account of
(32), which give us
L(a, λ) = λIa, D(a) = λλIa = Ia.
From the central expressions in (30) and (31 (the ones with limits as s1 converges to a and s2 converges to b) we find
that
A(a, λ) = −D(a)L(a, λ) = −λI2a2 = λ,
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2B(b, λ) = +D(b)L(b, λ) = λI2b2 = −λ,
exactly as the right hand sides of (30) and (31) proclaim.
This is consistent with (34)–(40) and (45)–(50). The final evaluation of (50) in (55)–(62) must be incorrect, the
correlation must come out as −1. The author does not take account of the fact that in order to achieve consistency
between his initial definitions, his cross-product would have to consistently follow the left- or right-handedness of the
coordinate frame chosen by λ. That might be contrary to the desired physical interpretation of cross-product, which
does adhere to a fixed handedness, but that is exactly Christian’s problem: his mathematics contains inconsistencies
and whatever changes he makes to his “proofs”, his desired result remains in contradiction with a known and true
mathematical theorem. He just moves the inconsistency around, like a bump under a floor-to-floor carpet. Your only
hope is to arrange that it pops up under the sofa, where nobody will see it, except the cleaning lady or gentleman.
In the computer code in Section IV, the error in the evaluation of the correlation is “fixed” by the line
if(lambda==1) {q=A B;} else {q=B A;}
At the request of Joy Christian, I mention that he states that he has refuted all criticism of his works in the
papers [7], [8], [9]. The latest version (version 4) of [7] even includes a response to version 1 of this paper, of
which you are now reading version 3. The changes between now and then have been minimal, but at least one
corrects a mistake by me in my version 2, which was kindly pointed out to me by Joy Christian on an internet forum
http://www.sciphysicsforums.com/spfbb1/viewtopic.php?f=6&t=368 where his work is often discussed.
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